A litter of four eats, born and raised in a soundproofed chamber, was studied in an attempt to determine which, if any, features of the auditory-nerve response from routinely available cats might bc due to the chronic effects of noise exposure. Two features of routine-normal response were especially suspect in this regard: (I) a "notch" in the distribution of single-unit thresholds centered at characteristic frequencies (CF's) near 3 kHz and (2) a compression of the distribution of rates of spontaneous discharge for units with CF above 10 kHz. A third feature of response in routine animals was the presence of a small number (roughly 10%) of units with virtually no spontaneous discharge and very high thresholds, sometimes 80 dB less sensitive than high-spontaneous units of similar CF. In the data from chamber-raised animals, the high-spontaneous units showed exceptionally low thresholds at all CF regions, however, there were signs of the midfrequency notch in the threshold distribution of at least two of these animals. The compression of the spontaneous rate distribution was not seen in any of the three most sensitive animals. The data suggest that there is a significant amount of "normal pathology" in the high-CF units from routine animals. Low-spontaneous, high-threshold units were present in all four chamber-raised ears with the same characteristics as in routine animals (exceptionally narrow tuning ouryes and exceptionally low maximum discharge rates) and at roughly the same percentage of the unit sample. A class of units with medium spontaneous rates and intermediate thresholds could also be identified. The possible significance of a classification of auditory-nerve units according to spontaneous rate is discussed.
animal in which the tuning curves were determined with a "criterion" of 0. Each point represents data from a different unit. The abscissa represents the difference between the "threshold" at CF as determined by the algorithm and the intensity required (as determined from the rate-level function) to increase the unit's firing rate by 10 spikes/s. A positive value of the abscissa indicates that the algorithm registered a threshaid level which was higher than that required to produce the predicted rate increase. in this and all subsequent figures, the spontaneous rate represents the average rate as determined over a 30-s sample.
olds to acoustic stimuli. The acoustic stimuli used in.
this study were 50-ms tone bursts with a 2.5-ms risefall time and a 50• duO] cycle. The frequency and intensity of these tone bursts could be varied under computer control to determine the rate-level functions and threshold-tuning characteristics of the auditory-nerve fibers.
The pure-tone level sweeps (run to measure response rate as a function of stimulus level) were performed in the following way. The computer-controlled oscillator was set at the characteristic frequency (CF) of the unit, and the level of the tone bursts was raised systematically in 2-dB steps from a level roughly 25 dB below the unit's threshold to approximately 55 dB above threshold.
(However, in no case was the stimulus allowed to exceed 85 dB SPL.) Ten tone bursts were presented at each stimulus level. The responses to each level of the stimulus were gated in such a way that only those occurring during the tone bursts were counted. (Actually, the timing of the spike gate was delayed by 1.25 ms with respect to the onset of the electric stimulus to the earphone to compensate for the accumulated delay in the auditory-nerve response.)
The "threshold tuning curve" is determined by an automated procedure briefly described previously (Kiang, Maxon, and Levine, 1970) . Since the thresholds as measured by this method are of central importance to this study, the procedure will be more fully described here. The automated tuning curve procedure Was designed to determine, as a function of frequency, the stimulus level required to cause the unit to fire at a given rate above its spontaneous rate of discharge. This level is determined in the following way. A 50-ms tone burst of a given frequency and level is presented. The LINC computer subtracts the number of spikes occurring in the 50 ms subsequent to the tone burst from the number of spikes which occurred in the 50 ms when the tone burst was on. This difference is then compared to a "criterion" value (set by the user, typically at 0 or 1).
If the spike difference is less than or equal to the criterion, the tone level is raised by two steps (• dB). If the spike difference is greater than criterion, the tone level is lowered by one step (] dB). At any given frequency the tone bursts are presented at a rate of 10/s, and the tone level is raised or towered according to the -comparison between the criterion and the spike difference. A "threshold" value is registered at a given frequency only after two conditions have been met: (1) that the tone level at the current trial is the same as that three trials previously; and (2) that the current level was reached by lowering the tone level by one step. After the registration of a threshold value, the frequency is lowered by one step, and the process is repeated. The frequency resolution is 32 points/octave in the eight octaves between 0. 16 and 40. 96 kHz.
With a criterion of 0, the tuning-curve algorithm should theoretically seek out those tone levels eliciting a firing-rate increase of 0-20 spikes/s since (1) the tone level is lowered only if there is at least one more spike during the 50-ms tone burst than during the subsequent 50-ms period, and (2) a spike difference of 1 spike/ 50 ms corresponds to a rate increase of 20 spikes/s. In practice, the "threshold" at CF registered by the paradigm at criterion 0 is within 10 dB of the tone level required to elicit a firing-rate increase of 10 spikes/s (as evaluated in a tone-level sweep) regardless of the unit's rate of spontaneous discharge (Fig. 1). 
II. RESULTS
A. Threshold at the characteristic frequency A fundamental property of any auditory-nerve fiber is its characteristic frequency or CF. The CF of a unit is that frequency to which it is maximally sensitive. MCL85 and MCL86 (Fig. 2) were among the most sensitive of cats not raised in the low-noise environment.
The portion of the BTC from 2 to 12 kHz was defined by the data from MCL85; much of the BTC below 1 kHz was defined by MCL86. It should be noted that both these animals were purposely selected at the time because we thought they might have had a low level of environmental noise exposure: MCL85 was bought from a facility which breeds cats for laboratory use; MCLSõ had been born and raised on a farm. exposure. This was one of the reasons we set out to study animals born and raised in strictly noise-controlled surroundings.
As
The distribution of spent seen in each of the four "chamber-raised" animals is shown in Fig. 6 . In three of the cases the distribution of spent is strikingly bimodal, and the bimodal nature of the distribution is well maintained across the entire CF range. The contrast between the distribution of spent seen in these three ani-'mals and that seen in our sample of routine animals is illustrated in Fig. 7 .
In the data from one of the chamber-raised animals, there was a clear compression of the spent distribution for CF greater than 9 kHz (Fig. 6, lower left) . The high-CF units in this particular animal were also signillcanfly less sensitive (at the CF) than the high-CF units in the other three chamber-raised animals (Fig. 8) .
Considering only the three most sensitive chamberraised animals, the histogram of the rates of spent ( There is another issue concerning the threshold on the tuning-curve tail for which the data from the chamberraised ears are especially relevant. In routine-normal animals the thresholds on the tails of the tuning curves for units with CF near 3 kHz tend to be lower than those seen for units in neighboring CF regions (Fig. 15, middie panel) . This "dip" in the distribution of tail thresholds is correlated with the "notch" in the distribution of "tip-thresholds" (thresholds at CF) described above.
These observations were suggestive of the phenomenon of "tail hypersensitivity" seen in single units from acoustically traumatized ears (Kiang, Liberman, and Levine, 1976). In traumatized ears, for which the thresholds at CF are significantly elevated, the thresholds on the tuning-curve tail can be significantly reduced (Fig. 15, 
E. Relation between spont rate and driven rate to tones at CF
In data from routine-normal animals, it had been noted that when stimulating a unit at its CF, the maximum discharge rate a•tainable by certain 1ow-spont units was significantly lower than the maximum rates for mediumor high-spout units of similar CF (Liberman, unpublished data). Again, it seemed possible that such a phenomenon was indicative of chronic pathological change, and it was of interest whether the same behavior could be seen in the units from chamber-raised cats.
In two of the chamber-raised cats, we investigated the relation between spontaneous rate and the rate-level function at the characteristic frequency. Sample ratelevel functions for a high-, medium-, and low-spontunit of similar CF are shown in Fig. 16 . The intensity was taken as high as 54 dB above threshold at CF, which was typically high enough to allow determination of the rate of discharge at saturation. Note that even in the chamber-raised animal the 1ow-spont unit can saturate at a very low discharge rate.
•o systematically investigate the relation between saturation rate and spontaneous rate, data must be pooled across CF. However, there is also a difference in saturation rate as a function of CF (Fig. 17) . The mean saturation rate appears to climb w,th increasing CF, especially for CF greater than 4 kHz. Thus, pooling data across CF appears to be justifiable only for CF less than 4 kHz.
The relation between saturation rate and spont rate (for units with CF less than 4 kHz) appears in Fig. 18 . The low-spout units showed a larger range of saturation rates than either the medium-or the high-spont units (Fig. 18) . As was shown in Fig. 10, the 1ow- (Fig. 15) . Two additional observations argue against a purely conductive origin for the 3-kHz notch: (1) There is no notch in the lowfrequency tails of tuning curves from units with CF higher than 3 kHz, and (2) there was often an increase in the spread of CF thresholds among units with CF near 3 kHz (Fig. 11) .
The data from the chamber-raised animals were not entirely consistent with the view that the singularity in the 3-kHz region was solely noise induced. There were small (less than 10 dB) notches in the unit-threshold plots of some of the chamber-raised animals and a noriceable increase in the threshold spread. However, since these effects were among the smallest we have seen, and since these animals were not completely sound deprived, the data are inconclusive in this regard. One possibility that cannot yet be ruled out is that the anomalous behavior in the 3-kHz region is, at least in part, due to temporary threshold shift induced by some part of the surgical procedure prior to the single-unit experiment. This threshold shift could be due, for example, only argument which can be advanced against this suggestion is that we see these units in all CF regions in the young animals which were raised from birth in the sound proofed room (as well as in every routine animal we have investigated).
It is likely that these high-threshold, low-spont units were selected against in the sample of units obtained by previous experimenters.
Only by using electric stimulation were we able to detect such units, since they had very high acoustic thresholds and virtually no spontaneous discharges. Many such units were encountered which would not respond at all to the acoustic clicks routinely used as search stimuli in this laboratory. That we do, in fact, encounter a higher percentage of lowspont units than when the search stimuli are acoustic, can be easily seen by comparing our spont distribution with that published by Kiang st al. (1965) .
